This investigation was carried out at a Privet Farm, El-Ibrahimia District, Sharkia Governorate, Egypt during the two consecutive seasons of 2016/2017 and 2017/2018 to study the effect of different saline irrigation water levels (0.0, 10000, 15000 and 20000 ppm NaCl), amino acids type (0.0, proline at 200 ppm, putrescine at 200 ppm and proline + putrescence each one at 200 ppm) and their combinations on plant growth, root system, salt resistance index and leaf pigments content of seashore paspalum (Paspalum vaginatum, Swartz) turfgrass. Plastic pots in 35 cm diameter filled with 5.5 kg of sand and clay mixture (1:2, V/V) were used in this experiment. The obtained results showed that plant growth (plant height , covering density percentage and herb fresh and dry weights), root system (root fresh and dry weights and root length), salt resistance index and leaf pigments (chlorophyll a, chlorophyll b and carotenoids contents) were descendingly decreased with increasing salinity level of irrigation water comparing with the control in both seasons, but they were progressively increased as the concentration of amino acids (proline and putrescine) was used. From these results, it can be recommended to irrigate seashore paspalum turfgrass with saline water up to 10000 ppm NaCl and sprayed with proline + putrescine each at 200 ppm to obtain the best growth, colour and higher covering density.
INTRODUCTION
Seashore paspalum (Paspalum vaginatum, Swartz) is a succulent warm-season turf type grass that belongs to family Gramineae, but it retains a healthy appearance all year-round, unlike bermuda grass that tends to go off color during cooler months and short days (Huxley et al., 1992) . It is easily propagated by cuttings and pre-prepared rolls, and fast spreads with lateral growing stems called stolons. It makes an attractive perennial turf in tropical and subtropical areas and can tolerate irrigation water with high salinity levels, with stand mowing, treading as well as wear and tear (Morton, 1974) . Seashore paspalum has demonstrated superior salt tolerance compared to other turf grasses (Marcum and Murdoch, 1990; Shahba, 2010) .
There are different stresses such as salt, drought, heat and oxidative stresses for plants (Zhang and Yang, 2004) . Salinization of soils or waters is one of the world's most serious environmental problems in agriculture. It is necessary to determine the environmental factors under which turf grasses plants give higher growth and better quality. Nearly half of the irrigated surface is seriously affected by salinity and/or secondary alkalinity (Flagella et al., 2002) . Increased need for salt tolerant grasses is still continues due to salt accumulation in soil, increased restrictions on groundwater utilization and salt water intrusion into ground water (Hoss, 1981 and Lee et al., 2004) .
Gamal El-Din and Abd El-Wahed (2005)
showed that a foliar application of 50 mg/l ornithine and 100 mg/l proline increased plant height, number of branches, fresh and dry This study was undertaken to evaluate the effects of proline and putrescine, assess their ability to stimulate vegetative growth and root system and salt resistance index as well as chlorophylls of seashore paspalum (Paspalum vaginatum, Swartz) under different saline water irrigation levels.
MATERIALS AND METHODS
The pot experiment involving seashore paspalum (Paspalum vaginatum, Swartz) was carried out in 2016/2017 and 2017/2018 seasons at a Privet Farm, El-Ibrahimia District, Sharkia Governorate, Egypt, to study the effect of saline irrigation water levels and amino acid types on seashore paspalum plant. Circle pieces from preprepared rolls of seashore paspalum at a radius of 15 cm (its fresh weight ranged between 134-150g) were planted on 25 th September during both seasons in the center of 35 cm diameter pots (1 piece/pot) filled about 5.5 kg of a mixture of sand: clay (1:2 V/V). The Seashore paspalum pieces were obtained from a privet nursery, Belbas District, Sharkia Governorate, Egypt. The physical and chemical properties of the experimental soil used are shown in Table 1 , according to Chapman and Pratt (1978) .
After pieces were transplanted, gently pressed by hand to be more contact with the mixture soil, then it was covered with a thin layer (1 cm) of the same soil. Pots were daily irrigated with tap water (about 300 ml) to wet only the zone in which pieces are imbedded. This was done for two weeks; the plants then received the following treatments:
1. Saline irrigation water at levels of 0.0, 10000, 15000 and 20000 ppm of NaCl, where the pots were irrigated biweekly with 750 ml of the different saline water levels till the end of the experiment (10 th March).
2. Amino acids types of 0 (as control), proline (Pro), putrescine (Put) and proline + putrescine as foliar spray at 200 ppm for each one were applied every month after one month from transplanting data.
3. The combination between saline irrigation water levels and amino acids types to consist 16 treatments.
These treatments were arranged in a splitplot in randomized complete blocks design with 3 replicates. Saline irrigation water levels were randomly arranged in the main plots and amino acids types were distributed randomly in the sub plots.
The source of putrescine acid [1,4diaminobutane (NH 2 (CH 2 ) 4 NH 2 )] and proline acid [Pyrrolidine-2-carboxylic acid (C 5 H 9 NO 2 )] was TECHNO GENE Company, Dokky, Giza, Egypt.
The first cut was handly done after 45 days from planting (on 10 th November) using a very sharp stainless steel cutter leaving stubbles with 1 inch long. Other four cuts were monthly undertaken thereafter.
Data Recorded

Plant growth
Before each cut in the two seasons, plant height (cm) was recorded, while covering density percentage as described by Mahdi (1953) and herb fresh and dry weights (g/pot) of the resulted clippings after mowing were determined after each cut. All these traits were averaged for all the cuts and tabulated.
Root parameters
At the end of the experiment in the two seasons, root fresh and dry weights (g) and root length were determined. Besides, the salt resistance index (SRI %), as a real indicator for salinity tolerance was calculated from the equation mentioned before by Wu and Huff (1983): SRI (%)=Mean root length of the salt treated plants/mean root length of control one × 100. 
Pigments content
In fresh leaf samples taken from the last cut (on 10 th March), photosynthetic pigments (chlorophyll a, b and carotenoids, mg/g f.w.) were measured according to the methods of 
Statistical Analysis
The statistical layout of this experiment was split-plot experiment in completely randomized block design. Data were analyzed according to Gomez and Gomez (1984) . The means were compared using computer program of Statistix version 9 (Analytical Software, 2008).
RESULTS AND DISCUSSION
Plant Growth
As shown in Tables (2, 3, 4 and 5), using saline water treatments significantly decreased plant height, covering density percentage and herb fresh and dry weights/pot of Paspalum vagimatum compared to control in both seasons. In the same time, the plant growth parameters were decreased with the increasing of the levels of salinity to reach its minimum by using that of 20000 ppm. Moreover, Pessarakli and Touchane (2006) found that mechanism of salt may result in cell division inhibitory and hence, reduces the rate of plant development. Also, Results showed that addition of proline or proline + putrecine significantly increased all the studied growth parameters, i.e. plant height, covering density and fresh and dry weight of herb/pot of seashore paspalum plants comparing with control plants in both seasons (Tables 2, 3 , 4 and 5). El-Sherbeny and Da Silva (2013) found that a foliar application of 100 mg·l -1 proline increased plant height, number of branches, fresh and dry weights of leaves of (Beta vulgaris L. subsp. cicla) plant. Moreover, Nassar et al. (2003) demonstrated that addition of arginine or putrescine induced significant increases in growth (fresh and dry weights) of bean plants.
Results under discussion in Tables 2, 3, 4 and 5 indicate that, spraying seashore paspalum turfgrasses under water salinity levels with proline plus putrecine at 200 ppm gave the highest plant height, covering density percentage as well as herb fresh and dry weights/pot (g) of Paspalum vagimatum in comparison to those under water salinity levels in the two seasons in most cases. In the same time, using amino acids at this concentration reduced the harmful effect of salinity stress in this respect. These results are in line with those reported by Talat 
Root Parameters
Results presented in Tables 6, 7 and 8 show that, root fresh and dry weights/pot and root length were significantly decreased by saline water irrigation levels in the two seasons compared to control in most cases. However, the decrease in root length were about 37.99 and 38.86 % for the salinity level 20000 ppm in the first and second seasons, respectively. Salinity may decrease biomass production and rooting, because it causes a lowering of plant water potentials, specific ion toxicities, or ionic imbalances (Neumann, 1997) . These results are in accordance with those found by Guo et al.
(2016) on seashore paspalum.
Root fresh and dry weights/pot and root length were increased by using proline or putrescine alone or together compared to control in both seasons (Tables 6, 7 and 8). Moreover, the best treatment in this regard was proline at 200 ppm + putrescine at 200 ppm in the two seasons. Proline at different concentrations has been shown to simulate growth of Urtica pilulifera, L. (Wahba et al., 2007) . El-Sherbeny and Da Silva (2013) found that a foliar application of 100 mg·l -1 proline increased fresh and dry weights of roots of beetroot plant. However, Bais et al. (1999) inferred that putrescine treatment played an important role in chicory root growth and development.
The results illustrated in Tables 6, 7 and 8 reveal that combination treatments between amino acids and salinity significantly affect the root fresh and dry weights/pot and root length. Although, there was significant increase, in this regard, due to spraying the seashore paspalum plants with proline at 200 ppm + putrescine at 200 ppm and were exposing to water salinity at 10000 ppm. Such results hold true in the both seasons. However, adding putrescine to wheat plants creates significant increase in fresh and dry weights under water stress condition (Ahmed and Sadak, 2016) .
Salt Resistance Index (%)
A real indicator for salt tolerance (the salt resistance index), was as 100% for control plants grown in soil without saline water irrigation and without foliar spray with amino acids (Table 9 ). However, the percent of this index was increased to more than 100% for plants irrigated with either fresh water or saline water at low level (10000 ppm) and sprayed with 200 ppm of proline or putrescine alone or together in both seasons.
This means that proline and putrescine as a amino acids plays a vital role in improving salinity tolerance of paspalum plants irrigated with saline water up to 10000 ppm to be more than that of control through elongating their root. In general, proline+ putrescine concentration of 200 ppm gave higher salt resistance indices than individual effect, in which the percent of such index was more than 100 % even for plants irrigated with saline water up to 10000 ppm in the two seasons. The plants irrigated with 10000 ppm saline water and sprayed with proline + putrescine at 200 ppm exhibited good tolerance for salinity giving SRI % closely near to that of control plants in both seasons (124.40 % in the first season and 119.30 % in the second one). Dergham et al. (2017) indicated that paspalum plants grown in the sandy soil can tolerate salinity of irrigation water up to 12000 ppm if they were fertilized with the higher rate of kristalon (4 g/tray), while in the calcareous soil, that was true for plants irrigated with saline water up to 16000 ppm and dressed with the same rate of kristalon (4 g/tray).
Furthermore,
Pigments Content
In the present study, it was found that the lowest value for each of chlorophyll a and chlorophyll b in leaves of seashore paspalum was recorded with saline water irrigation treatments at 15000 and 20000 ppm, in most cases, while the best value in this connection was achieved with each of control ant the lowest level (10000 ppm) of water salinity. A similar trend to that of vegetative and root growth traits was also obtained in relation to leaf content of chlorophyll (a) and chlorophyll (b) (Tables 10 and 11), as the content of these constituents was descendingly decreased with increasing water salinity level, but ascendingly increased as the use of amino acids was increased. In contrast, carotenoids content (mg/g fw) was increased by increasing saline water irrigation levels in both seasons (Table 12) . These results may be due to salt-induced water stress reduction of chloroplast stoma volume and regeneration of reactive oxygen species in playing an important role in the inhibition of photosynthesis seen in salt (S) = 0.010 (A) = 0.008 (S×A) = 0.017 * Pro. = Proline and **Put. = putrescine stressed plants (Price and Hendry, 1991; Allen, 1995) . Pompeiano et al. (2016) noted that pigment content in the leaves of Paspalum vaginatum "Salam" was not affected by salinity level, though chlorophyll a was slightly decreased at the highest salinity level (20000 ppm).
In addition, chlorophyll a and chlorophyll b were significantly increased by using each of proline or putrescine alone or in mixture compared to control (untreated plants) in both seasons. The applied putrescine treatments significantly increased the content of wheat photosynthetic pigments over the control values (El -Bassiouny et al., 2008) .
The results reported in Tables 10, 11 and 12 suggest that, using proline + putrescine at 200 ppm under all water salinity levels, significantly increased chlorophyll a and b content as compared to saline water irrigation treatments alone in the two seasons. In the same time, the combination treatment between water salinity at 10000 ppm and amino acids was more effective in plant pigments content values than the other treatments of salinity or amino acids each alone in the two seasons. Furthermore, some treatments of amino acids, to some extent, reduced the harmful effect of water salinity in chlorophyll a and b content of seashore paspalum turfgrasses.
Conclusion
From above mentioned results, it is preferable to spray Paspalum vaginatum turfgrasses with proline + putrescine at 200 ppm under moderate water salt stress (10000 ppm) to enhance the plant growth, root system and salt resistance index as well as chlorophyll content of seashore paspalum plant under Sharkia Governorate conditions.
